Aluminium metal matrix composite is a relatively new material that has proved its position in automobile, aerospace and other engineering design applications due to its wear resistance and substantial hardness. Need for improved tribological performance has led to the design and selection of newer variants of the composite. The present investigation deals with the study of wear behaviour of Al-SiCp metal matrix composite for varying reinforcement content, applied load, sliding speed and time. Aluminium metal matrix composites reinforced with SiC particles are prepared by liquid metallurgy route using LM6 aluminium alloy and silicon carbide particles (size ~ 37 µm) by varying the weight fraction of SiC in the range of 5% -10%. The material is synthesized by stir casting process in an electric melting furnace. The materials are then subjected to wear testing in a multitribotester using block on roller configuration. A plan of experiments based on L27 Taguchi orthogonal array is used to acquire the wear data in a controlled way. An analysis of variance is employed to investigate the influence of four controlling parameters, viz., SiC content, normal load, sliding speed and sliding time on dry sliding wear of the composites. It is observed that SiC content, sliding speed and normal load significantly affect the dry sliding wear. The optimal combination of the four controlling parameters is also obtained for minimum wear. The microstructure study of worn surfaces indicates nature of wear to be mostly abrasive.
Introduction
Metal Matrix Composites (MMC) synthesized by incorporating hard ceramic particles like Silicon Carbide (SiC) into aluminium alloys achieve good mechanical properties. These composites are both light weight and show good hardness property which qualifies it as structural material especially for wear resistant and weight critical applications. Such applications motivate researchers to study the wear behaviour of this category of metal matrix composites.
The composites are synthesized by different techniques but mostly pressure infiltration technique [1] , powder metallurgy [2] [3] [4] [5] [6] and stir casting techniques [7] [8] [9] are used. Researchers in general consider the volume fraction of reinforcement silicon carbide in the range of 0% -30% [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Some researchers have used higher volume fraction in the range of 60% [1] and 10% -40% [19, 20] .
The wear tests are conducted by varying applied load and sliding speed. Al-Rubaie et al. [2, 3] studied the abrasive wear behaviour of Al-SiC MMC by varying the volume fraction of SiC reinforcement in the range of 5% -20% and particle size 10, 27 and 43 µm. Thus a varied range of abrasive study was conducted and the results showed that wear rates increase with increase in abrasive particle size but decreased with increase in volume fraction. Another abrasive wear test conducted by Ahlatci et al. [1] for varying particle size of Al 2 O 3 abrasive particle infers that with increase in particle size of Al 2 O 3 the wear rate increased. Thus the infiltration of SiC increases the abrasive wear resistance of the aluminium alloy.
The effect of applied load on wear behaviour of Al5%SiC and Al-10%SiC was studied by Chen et al. [8] .
The results suggested that with increase in volume fraction of reinforcement particle the wear rate increased but with gradual increase in applied load the wear rates decreased. Chen et al. [9] considered the effect of heat treatment on the fretting wear behaviour of Al-SiC MMC synthesized by reinforcing 15 vol% SiC in A356 aluminium alloy and observed that heat treatment of the composite increases the hardness of the material thus increasing fretting wear resistance.
Wear behaviour of Al-Mg-Cu alloy reinforced with SiC particle were studied by Hassan et al. [11] . The comparative study of alloy and alloy reinforced with SiC suggested that wear resistant property of the alloy increased considerably with addition of SiC particle. Another similar study of wear behaviour was performed by Kwok and Lim [13] . High speed wear tests were performed on aluminium alloy reinforced with SiC particle. The composites were prepared by three different powder metallurgy techniques using different matrix metal, reinforcement volume fraction and reinforcement particle size. The wear studies were conducted at varying load, speed. The wear rates are found to increase with increase in applied load and sliding speed. In most of the studies the researchers have considered particle reinforcement while some of the researchers have used whisker reinforcement [4, 5, 12] . Bai et al. [4] incorporated aluminium 2024 alloy with 15 vol% SiC whiskers to study the wear behaviour of the material. The wear tests were performed in an oscillating wear tester using a 52100 steel ball as counter material. The test results indicated that Al-SiC composite showed better wear resistance that the aluminium alloy. Another wear study was conducted by the same research group using Al-MoSiC composite [5] . The composite was fabricated by reinforcing 15 vol% SiC and 15 vol% Mo in aluminium 2024 alloy. Wear tests were performed at both dry and lubricated condition. Liquid paraffin and sulphurized olefin was used as lubricants. The study reveals that inclusion of molybdenum powder into the composite increases the wear resistance of the alloy. It is also revealed that wear rates decrease in presence of lubricants. Iwai et al. [12] performed dry sliding wear test on Al-SiC composited reinforced with SiC whisker. The volume fraction of SiC whisker was in the range of 0% -16%. The wear rates are found to decrease gradually with increase in reinforcement volume fraction of SiC whisker into the aluminium alloy.
Straffelini et al. [14] studied the effect of applied load and temperature on the wear behaviour of the composite and found that with increasing load the contact temperature increases beyond 1500 C which increases the wear rate of the material. Rao and Das [16] considered the effect of sliding distance on the wear behaviour of Al-SiC and reported that wear rates increase with increase in load and sliding speed while wear resistance improves with heat treatment. Sharma et al. [17] studied the effect of volume fraction of reinforcement SiC. A volume fraction range of 1% -5% was chosen and wear tests were carried out at varying loads and sliding speeds. It was reported that wear rates decrease with increase in volume fraction of SiC but increase with increase in applied load and sliding speed.
It can be seen that researchers mostly have chosen process parameters like volume fraction, applied load, sliding speed and reinforcement particle size. Some researchers have varied some different process parameters to study the wear behaviour of the composite. Rao and Das [15] studied the effect of matrix alloy on the wear behaviour of Al-SiC composite. Three different matrix alloys were used for casting of Al-SiC composite using 10%, 15% and 25% SiC reinforcement. The wear tests showed that the matrix alloy with highest percentage of copper had higher wear rate than the rest. The alloy with highest percentage of zinc showed lower wear rate than the rest. Addition of SiC reinforcement decreased the wear rate for all the composites. Another study was conducted by Yalcin and Akbulut [21] using two different melting routes for fabrication of Al-SiC. For the material fabrication a volume fraction range of 0% -20% was chosen. The wear test conducted at varying load indicated that wear rates decrease with increase in volume fraction of SiC reinforcement. The wear rates of material fabricated by vortex method decrease less rapidly than the materials prepared by dilution material with increase in SiC volume fraction and applied load. Similar studies on wear behaviour of Al-SiC composite have also been reported by other researchers [22, 23] .
From the review of existing literature it is apparent that many studies have been carried out on the wear behaviour of Al-SiC particulate composite, but no study is available on optimization of process parameters for minimum wear response. The present study considers optimization of wear behaviour of Al-SiCp composite using Taguchi orthogonal design with four process parameters viz. volume fraction of reinforcement, applied load, sliding speed and time. A multi tribotester with block on roller configuration is used for the wear test. The test results are analyzed for optimal combination of process parameters for minimum wear. A confirmation test is done to validate the optimal combination of process parameter as predicted by Taguchi method. Furthermore, Analysis of Variance (ANOVA) is carried out to analyze the effect of process parameters and their interactions on the wear behaviour of the material. The wear mechanism is studied using Scanning Electron Microscopy (SEM) of worn surfaces.
Taguchi Method
The Taguchi method [24, 25] is a powerful tool for designing high quality systems based on Orthogonal Array (OA) experiments that provide much reduced variance for the experiments with an optimum setting of process control parameters. It introduces an integrated approach that is simple and efficient to find the best range of designs for quality, performance and computational cost. This method achieves the integration of Design of Experiments (DOE) [26] with the parametric optimization of the process yielding the desired results. The traditional experimental design procedures focus on the average process performance characteristics. But the Taguchi method concentrates on the effect of variation on the process quality characteristics rather than on its averages. That is, the Taguchi approach makes the process performance insensitive (robust) to variation in uncontrolled or noise factors. Taguchi recommends that this can be done by the proper design of parameters during the "parameter design" phase of off-line quality control. He designed certain standard OAs by which simultaneous and independent valuation of two or more parameters for their ability to affect the variability of a particular product or process characteristic can be done in a minimum number of tests. Using OA, the Taguchi method explores the entire design space through a small number of experiments in order to determine all of the parameter effects and several of the interactions. These data are then used to predict the optimum combination of the design parameters that will minimize the objective function and satisfy all the constraints. In addition to locating a near optimum objective function, the Taguchi method provides information on parameter trends and noise sensitivities thereby enabling a robust design. The parameter design phase of the Taguchi method generally includes the following steps: 1) identify the objective of the experiment; 2) identify the quality characteristic (performance measure) and its measurement systems; 3) identify the factors that may influence the quality characteristic, their levels and possible interactions; 4) select the appropriate OA and assign the factors at their levels to the OA; 5) conduct the test described by the trials in the OA; 6) analysis of the experimental data using the Signal-to-Noise (S/N) ratio, factor effects and the Analysis of Variance (ANOVA) to see which factors are statistically significant and to find the optimum levels of factors; 7) verification of the optimal design parameters through confirmation experiment. The OA requires a set of well-balanced (minimum experimental runs) experiments. The Taguchi method uses a statistical measure of performance called (S/N) ratios, which are logarithmic functions of desired output to serve as objective functions for optimization. The S/N ratio takes both the mean and the variability into account and is defined as the ratio of the mean (signal) to the standard deviation (noise). The ratio depends on the quality characteristics of the product/process to be optimized. The three categories of S/N ratios are used: Lower the Better (LB), Higher the Better (HB) and Nominal the Best (NB). The parameter level combination that maximizes the appropriate S/N ratio is the optimal setting. For the case of minimization of wear, LB characteristic needs to be used. Furthermore, a statistical Analysis of Variance (ANOVA) [27] is performed to find which process parameters are statistically significant. With the S/N ratio and ANOVA analyses, the optimal combination of the process parameters can be predicted. Finally, a confirmation experiment is conducted to verify the optimal process parameters obtained from the parameter design.
Experimental Details

Material Processing
For the fabrication process aluminium alloy, LM6 is used as matrix metal that has been reinforced with SiC particles of 400 mesh size (size ~ 37 µm). The reinforcement percentage (herein termed as volume fraction of reinforcement) is varied in the range 5% -10% by weight. The chemical composition of the matrix material (LM6) is given in Table 1 . The composite material is fabricated by liquid metal stir casting process since it is both simple and less expensive. The small ingots of LM6 are melted in clay graphite crucible using an electric resistance furnace and 3 wt% Mg is added with the liquid metal, in order to achieve a strong bonding by decreasing the surface energy (wetting angle) between the matrix alloy and the reinforcement particles. The addition of pure magnesium also enhances the fluidity of the molten metal. Before mixing of the silicon carbide particles with the liquid LM6, the particles are preheated at 850˚C -900˚C for 2 -3 hours to make their surface oxidized. The melt is mechanically stirred by using a mild steel impeller and then the pre-heated silicon carbide particles are added to the stirred liquid metal. The processing of the composite is carried out at a temperature of 750˚C with a stirring speed of 400 -500 rpm. The melt is then poured into a green silica sand mould. The material is then cooled and samples for wear testing are prepared by different machining processes.
Design of Experiment
DOE technique allows carrying out modelling and analysis of the influence of process variables on the response variables. The response variables are the unknown functions of the process variables also known as Design factors. Design factors or control factors are those which are varied during the experimental tests. From the literature it was clear that many tribological process parameters can affect the wear behaviour of Al-SiC composites. But it is impossible to consider all process parameters in a single study. For the current study of wear behaviour of Al-SiC, the control parameters chosen are volume fraction Table 1 . Chemical composition of LM6.
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of reinforcement (V), applied load (L), sliding speed (S) and sliding time (T). Table 2 shows the design factors with their levels. Three levels for each parameter are considered so that the non-linear effects if any can be observed. Since wear behaviour is to be optimized, wear is taken as response variable. Based on Taguchi method, an Orthogonal Array (OA) is considered to reduce the number of experiments required to determine the optimal wear for Al-SiC metal matrix composite. The orthogonal array provides the shortest possible matrix of combination in which all the process parameters are varied to consider their direct effect as well as interactions simultaneously. For this experimental purpose L27 orthogonal array is chosen. Selection of proper orthogonal array is done based on the total number of Degrees of Freedom (DOF). The L27 OA has 27 rows corresponding to the number of tests and the degree of freedom is 26 with 13 columns with three levels. The degree of freedom of each design factor is 2 and for two way interaction of the factors the DOF is 4. So, the total degree of freedom for the conducted experiment is (2 × 4 + 4 × 3 = 20). As per Taguchi method the total DOFs of selected OA must be greater than or equal to the total DOFs required for the experiment. Thus, the L27 OA is chosen for the present case. The 1st column is assigned to volume fraction (V), 2nd column is assigned to applied load (L), 5th column is assigned to sliding speed (S) and 9th column is assigned to time (T) or duration of wear test. Six columns are assigned to the two ways interactions of the first three factors while the remaining three columns are error terms. Table 3 shows the or 
10 - 1  1  1  2  2  2  2  2  2  2  2  2   3  1  1  1  1  3  3  3  3  3  3  3  3  3   4  1  2  2  2  1  1  1  2  2  2  3  3  3   5  1  2  2  2  2  2  2  3  3  3  1  1  1   6  1  2  2  2  3  3  3  1  1  1  2  2  2   7  1  3  3  3  1  1  1  3  3  3  2  2  2   8  1  3  3  3  2  2  2  1  1  1  3  3  3   9  1  3  3  3  3  3  3  2  2  2  1  1  1   10  2  1  2  3  1  2  3  1  2  3  1  2  3   11  2  1  2  3  2  3  1  2  3  1  2  3  1   12  2  1  2  3  3  1  2  3  1  2  3  1  2   13  2  2  3  1  1  2  3  2  3  1  3  1  2   14  2  2  3  1  2  3  1  3  1  2  1  2  3   15  2  2  3  1  3  1  2  1  2  3  2  3  1   16  2  3  1  2  1  2  3  3  1  2  2  3  1   17  2  3  1  2  2  3  1  1  2  3  3  1  2   18  2  3  1  2  3  1  2  2  3  1  1  2  3   19  3  1  3  2  1  3  2  1  3  2  1  3  2   20  3  1  3  2  2  1  3  2  1  3  2  1  3   21  3  1  3  2  3  2  1  3  2  1  3  2  1   22  3  2  1  3  1  3  2  2  1  3  3  2  1   23  3  2  1  3  2  1  3  3  2  1  1  3  2   24  3  2  1  3  3  2  1  1  3  2  2  1  3   25  3  3  2  1  1  3  2  3  2  1  2  1  3   26  3  3  2  1  2  1  3  1  3  2  3  2  1   27  3  3  2  1  3  2  1  2  1  3  1  3  2 thogonal array with design factors and their interactions assigned. Here each column represents a specific factor, each row represents an experimental run and the cell values indicate the factor settings for the run. The cell values in the main factor columns (i.e. V, L, S, and T) indicate their levels (1, 2 or 3) while the same in interaction columns (two cell fields in two columns for a particular interaction) indicate the combination of the levels of the main factors concerned. For example, the interaction V × L occupies columns 3 and 4, and for trial no 1, the cell fields show 1 in column 3 and 1 in column 4. Thus V × L has the value 11 which means it is the combination of level 1 of V and level 1 of L. Similarly there are 9 such combinations (11, 22, 33, 12, 21, 23, 32, 13, and 31) for V × L interaction in columns 3 and 4. A similar procedure applies to other interaction terms as well. However, the experimental run is controlled by the settings of the controllable design factors, i.e. V, L, S and T and not by the interactions. The cell values in interaction columns and error columns are used in ANOVA for determination of their percentage contribution to the total effect. In this case, if the full factorial design were used, it would have 3 4 = 81 runs for consideration of even the four main factors only. The L27 OA requires only 27 runs, a fraction of the full factorial design. This array is orthogonal; factor levels are weighted equally across the entire design.
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Wear Tests
The wear tests are carried out in a block on roller Multitribotester TR25 (Ducom, India) (Figure 1) . It is used to measure the wear behaviour of Al-SiC under dry non lubricated condition and at ambient temperature (280˚C) and relative humidity of about 85%. The Al-SiC samples (size 20 mm × 20 mm × 8 mm) are pressed against a rotating steel roller (diameter 50 mm, thickness 50 mm and material EN32 steel) of hardness 65 HRc. The setup is placed in such a way that the rotating roller serves as the counter face material and stationary plate serves as the test specimen. A 1:5 ratio loading lever is used to apply normal load on top specimen. The loading lever is pivoted near the normal load sensor and carries a counter weight at one end while at the other end a loading pan is suspended for placing the dead weights. The wear rate is measured in terms of displacement with the help of a linear voltage resistance transducer. The wear displacement sensor allows obtaining direct measurement of the loading lever's deflection, which corresponds to the wear of the specimen plate plus the wear of the counterface surface. It may be noted here that wear behaviour is normally expressed as wear volume or weight loss while in the present experimental set up, wear is measured in terms of displacement. Thus to access the accuracy of wear measurement, the displacement results for wear are compared with weight loss and it shows almost linear relationship for the range of test parameters considered in the present study. The wear tests are carried out as per L27 OA in Table 3 .
Microstructure Study
After wear tests Scanning Electron Microscopy (SEM) is done to study the wear tracks of the specimens. The mi- 
Results and Discussions
The objective of the present investigation is to minimize wear for Al-SiC particulate metal matrix composite using Taguchi method. The investigation is carried out using four control parameters viz. volume fraction of reinforcement, applied load, sliding speed and time. Wear depth is taken as system response parameter.
Analysis of Signal-to-Noise Ratio
The normal method of calculating the desirable factors levels is to look at simple averages of the results. But the variability of results within a trial condition cannot be judged by this method. Thus, signal-to-noise ratio analysis is done considering wear as the performance index. The analysis is carried out using Lower-the-better criterion and the same is expressed as:
Here, y is the experimental data and n is the number of experiments. Table 4 shows the experimental results for wear tests and the corresponding S/N ratio for each experiment. The experimental design being orthogonal, it is possible to separate out the effect of each control factor at different levels. As an example, the mean S/N ratio for factor V (Vol%) at levels 1, 2 and 3 can be calculated by averaging the S/N ratios for the experiments 1 -9, 10 -18 and 19 -27 respectively. The mean S/N ratio for the other factors at different levels can be calculated in similar manner. In the response table ( Table 5 ) the mean S/N ratio for each level of the controlling factors are shown. In addition, the total mean S/N ratio for the 27 experiments is also calculated and listed in the same table. All the calculations are performed using Minitab software [28] . The response table includes ranks based on Delta value (the highest average of each factor minus the lowest average of the same); rank 1 is assigned to the parameter with highest Delta value, rank 2 to second highest Delta value and so on. In this case volume fraction has the highest Delta value thus rank 1 is assigned to volume fraction (vol %). The corresponding main effects plot for S/N ratio is shown in Figure 2 . The interaction plots for parameters volume fraction, applied load and sliding speed are given in Figure 3 . In main effects plot the significance of each parameter can be judged by the inclination of plot. The parameter with highest inclination line has greater significance than the rest on the wear behaviour of the material. From the main effects plot, it is seen that the parameter volume fraction V is the most significant parameter while other parameters L (Load) and S (Speed) are also significant parameters in controlling the wear behavior of the MMC. The interaction plots are studied on the basis of non parallelism of the parameter effects. If the lines of an interaction plots are not parallel or intersecting then there is strong interactions between the parameters. And if the lines are parallel to each other then there is nominal or no interaction between them. From the interaction plots in Figure 3 , it can be seen that though the lines are near parallel. Thus, there is almost no interaction between the parameters. From the present analysis, it is observed that volume fraction (V) is the most influencing parameter for wear characteristics of Al-SiC particulate composites followed by sliding speed and applied load respectively. The optimal process parameter combination is the one that yields maximum mean S/N ratio and thus the same for minimum wear is found to be V3L1S1T1, i.e., the highest level of volume fraction of reinforcement along with the lowest levels of applied load, sliding speed and sliding time within the experimental domain considered in the present study.
From the main effect plots in Figure 2 , the effects of individual process parameters on the wear of the composite can be clearly seen. Maximum S/N ratio corresponds to minimum wear and minimum S/N ratio corresponds to maximum wear. Thus from Figure 2 , it is observed that wear loss decreases with increase in reinforcement content and increases with increase in both applied load and sliding speed. However, the sliding time has almost no effect on wear. With increase in volume fraction of reinforcement SiC particulates in the composite, the hardness increases leading to higher wear resistance. Moreover, the SiC particles act as resistance to further destructive action of abrasion by wear debris. The increase in wear with increase in applied load is due to increase in contact stresses that result in greater surface damage. With increase in sliding speed, the formation and breaking of junctions at the asperity level becomes more frequent leading to an increase in wear. With increase in sliding time, there is slight increase in wear initially but there after it has no effect on wear. This may be due to the smoothening of the asperities after the initial stages of contact.
Analysis of Variance (ANOVA)
ANOVA is a statistical technique which can infer some important conclusions based on analysis of the experimental data. This method is rather useful for revealing the level of significance of the influence of factor(s) or their interaction on a particular response. It separates the total variability of the response into contributions of each of the factors and the error. Using Minitab [26] , ANOVA is performed to determine which parameter and interaction significantly affect the performance characteristics. Table 6 shows the ANOVA result for wear behaviour of Al-SiC metal matrix composites. ANOVA calculates the F-ratio, which is the ratio between the regression mean square and the mean square error. The F-ratio, also called the variance ratio, is the ratio of variance due to the effect of a factor and variance due to the error term. This ratio is used to measure the significance of the parameters under investigation with respect to the variance of all the terms included in the error term at the desired significance level, α. If the calculated value of the F-ratio is higher than the tabulated value of the F-ratio, then the factor is significant at a desired α level. In general, when the F value increases the significance of the parameter also increases. The ANOVA table shows the percentage contribution of each parameter. From the ANOVA table it is seen that parameter V, i.e. volume fraction is the most significant parameter influencing the wear behaviour at the confidence level of 99% while parameters L (applied load) and S (sliding speed) are also significant within the specific test range. Sliding time and the interaction of parameters have almost no influence on wear property of the composite.
Confirmation Test
After the optimal level of testing parameters have been found, it is necessary that verification tests are carried out in order to evaluate the accuracy of the analysis and to validate the experimental results. The estimated S/N ratio η, using the optimal level of the testing parameters can be calculated as:
where,  m is the total mean S/N ratio,  i is the mean S/N ratio at the optimal testing parameter level and o is the number of main design process parameters that significantly affect the wear behaviour of Al-SiC metal matrix composite. Table 7 shows the comparison of the estimated wear result with the actual wear using the optimal condition. It may be observed that good agreement takes place between the estimated and experimental results. There is improvement of S/N ratio from initial to optimal condition that yields nearly 17% decrease in wear from the initial condition. This is a significant improvement.
Wear Mechanism
Microstructure study of the wear tracks are carried out to analyze the wear mechanism that the composites undergo during tribological testing. Figure 4 shows wear tracks of samples having three different volume fraction of reinforcement, Al-5%SiC, Al-7.5%SiC and Al-10%SiC. From the SEM micrographs, it can be observed that the worn surface mainly consists of longitudinal grooves and partially irregular pits. The presence of grooves indicates micro-cutting and micro-ploughing effect. Thus wear mechanism is found to be dominated by abrasive wear. Also presence of pits and prows can be observed in the micrographs, thus occurrence of adhesive wear is also visible. So, from overall microstructure study it can be concluded that mostly abrasive wear has taken place with some traces of adhesive wear. In the present investigation the effect of four process parameters volume fraction, applied load, sliding speed and time on the wear behaviour of Al-SiC particulate composite is studied. Apart from these, other factors like heat treatment, temperature change and particle size of reinforcement are assumed constant during this experimental study. In future, studies related to effects of these other factors on the wear behaviour of Al-SiC can be carried out.
Conclusion
Wear behaviour of Al-SiCp metal matrix composite is studied for varying reinforcement content, applied load, sliding speed and time using Taguchi orthogonal array design. It is observed that parameter V, i.e. volume fraction of reinforcement is the most significant parameter influencing the wear behaviour at the confidence level of 99% while parameters L (applied load) and S (sliding speed) are also significant within the specific test range. Sliding time and the interaction of parameters have almost no influence on wear property of the composite. From the Taguchi analysis the optimal combination of process parameter for minimum wear is found to be V3L1S1T1, i.e., the highest level of volume fraction of reinforcement along with the lowest levels of applied load, sliding speed and sliding time. Wear depth is reduced by nearly 17% from initial to optimal process parameter condition. From the present study it is revealed that a proper control of process parameters can result in improved design of the Al-SiC composite for tribological applications. From the microstructure study of worn surfaces, it is observed that mostly abrasive wear mechanism has occurred on the wear tracks with some traces of adhesive wear mechanism.
